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ABSTRACT 
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This memorandum documents the development and 

preparation of a lunar surface model which was used for an 

LRV obstacle avoidance presentation to the Lunar Surface 

Operations Planning meeting at MSC on May 12, 1971. A 

crater model was generated to represent the expected distri- 

bution at crater diameters below the recognition level of the 

available site photography. A model for intercrater blocks 

was adopted from available literature. The resulting crater 

and block distributions were then applied statistically to 

a chart which became the basis for an examination of LRV 

obstacle avoidance traverse paths. 
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I n t r o d u c t i o n  

A l u n a r  s u r f a c e  model w a s  developed for an LRV o b s t a c l e  
avoidance s tudy ,  presented  t o  t h e  Lunar Surface  Operat ions Plan- 
n ing  meeting a t  MSC on May 1 2 ,  1 9 7 1  (Reference 1).  A c r a t e r  
model was genera ted  t o  r ep resen t  t h e  expected d i s t r i b u t i o n  a t  
c r a t e r  diameters below the  recogni t ion  l e v e l  of  t h e  e x i s t i n g  s i t e  
photography. A model for  i n t e r c r a t e r  b locks  w a s  adopted from 
a v a i l a b l e  l i t e r a t u r e .  The r e s u l t i n g  c ra te r  and block d i s t r i b u -  
t i o n s  w e r e  then app l i ed  s t a t i s t i c a l l y  t o  a chart. which became 
t h e  basis  fo r  an examination of LRV o b s t a c l e  avoidance t r a v e r s e  
pa ths .  

C r a t e r  Model 

The accepted formula f o r  cumulative c r a t e r  d i s t r i b u t i o n  
on the  luna r  s u r f a c e  i s  

B Nc = AD 

where N 

than. D ,  p e r  u n i t  area. A and B a r e  appropr i a t e  cons t an t s .  C r a t e r  
counts  i n d i c a t e  t h a t  d i f f e r e n t  sets of cons t an t s  are r equ i r ed  t o  
r e p r e s e n t  t h e  proper  crater  d i s t r i b u t i o n s  f o r  widely d i f f e r e n t  
d iameter  ranges.  
t o  r e p r e s e n t  diameters which span a range no g r e a t e r  than 1 0 0  t o  1. 

i s  the  cumulative number of craters having d iameters  g r e a t e r  
C 

A s i n g l e  s e t  of cons t an t s  w i l l  g e n e r a l l y  s u f f i c e  

The crater d i s t r i b u t i o n  formula appears as a s t r a i g h t  
l i n e  on a log-log p l o t .  A model can,  t h e r e f o r e ,  be genera ted  by 
l o c a t i n g  one p o i n t  and a s lope  which a r e  r e p r e s e n t a t i v e  of t h e  
d e s i r e d  reg ion .  A p o i n t  f o r  t h e  Apollo 1 5  s i te  w a s  located by 
performing cumulative c r a t e r  counts on s e v e r a l  s e l e c t e d  areas of 
Lunar O r b i t e r  V Frame H-106 .  This high r e s o l u t i o n  frame covers  
an area n o r t h  of t h e  planned landing s i te ,  and shows craters a t  



c 

diameters  w e l l  below t h e  r e s o l u t i o n  of  photography a t  t h e  s i t e .  
The cumulative crater counts averaged about  325 c r a t e r s / s q .  km 
f o r  d iameters  i n  excess  of  1 0  meters. The p o i n t  r e p r e s e n t i n g  
t h e s e  counts  i s  shown i n  Figure 1. 

The s l o p e  f o r  t h e  cumulative crater d i s t r i b u t i o n  on 
Figure  1 w a s  ob ta ined  by making comparisons wi th  counts  performed 
by o t h e r s  on s i m i l a r  t e r r a i n  types.  Such counts  r e q u i r e  a ve ry  
l a r g e  q u a n t i t y  of photographic d a t a  and, f o r  t h i s  s tudy ,  needed 
t o  inc lude  as many counts  as p o s s i b l e  below t h e  32-meter diameter  
l e v e l .  Data from crater  counts of Lunar O r b i t e r  high r e s o l u t i o n  
frames (Reference 2 )  i s  shown on Figure 2. The d a t a  w a s  s e l e c t e d  
from Reference 2 t o  r e p r e s e n t  on ly  m a r e  reg ions  and t o  f u r n i s h  a 
s i g n i f i c a n t  number of counts  i n  t h e  d e s i r e d  diameter  range. 
Approximately 85,000 craters were involved i n  t h e  gene ra t ion  of 
t h e  t h r e e  curves shown. A l i n e  w a s  then drawn p a r a l l e l  t o  t h e  
upper l i m i t s  of t h e s e  curves .and through t h e  1 0 - m e t e r  cumulative 
p o i n t  mentioned ear l ier  t o  r e p r e s e n t  t h e  Apollo 15 s i te  e s t i m a t e .  
This  l i n e  is  represented  by 

-2.06 = 0.024 D Nc 

This  estimate was a l so  checked wi th  d a t a  obta ined  from 
Ranger photographs (Reference 3) as shown i n  Figure 3.  The 
Apollo 15 s i t e  estimate was converted t o  t h e  incremental  form 
t o  be c o n s i s t e n t  wi th  t h e  d a t a  a v a i l a b l e  f r o m  Ranger and i s  s e e n  
t o  compare w e l l  wi th  t h a t  da t a .  

Block Model 

An estimate fo r  i n t e r c r a t e r  b locks  on smooth m a r e  w a s  
adopted from documentation prepared by Marshall  Space F l i g h t  Center  
t o  suppor t  t h e  des ign  of lunar  s u r f a c e  v e h i c l e s .  This estimate i s  
r ep resen ted  by 

( * I  -2.65 = 1 . 5 7  x D 
NC 

and i s  considered v a l i d  f o r  block d iameters  less  than 4 0  m e t e r s  
(Reference 4 ) .  Each block i s  expected t o  be bur ied  t o  one-half 
i t s  d iameter .  This cumulative block d i s t r i b u t i o n  i s  p l o t t e d  
on F igu re  1. 

(*)Converted t o  Km u n i t s  from t h e  o r i g i n a l  equa t ion ,  which w a s  
expressed i n  meters as 

-2.65 = 1 . 4  x D 
NC 
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Obstacle S i z e s  

An obstacle diameter of 32 m e t e r s  was chosen a s  an 
upper l i m i t  f o r  t h e  s tudy .  T h i s  d iameter  i s  r e p r e s e n t a t i v e  
of t h e  r ecogn i t ion  t h r e s h o l d  f o r  e x i s t i n g  photography of t h e  
Apollo 15 s i te .  

blocks w e r e  s e l e c t e d  s e p a r a t e l y  a f t e r  cons ide r ing  t h e  f o l -  
lowing c r i t e r i a  which a r e  p e r t i n e n t  t o  avoidance: 

Minimum o b s t a c l e  diameters  f o r  craters  and for  

1. V i s i b i l i t y  of t h e  obs t ac l e .  

2. A v a i l a b i l i t y  of a c l e a r e r  pa th .  

3. Disturbance t o  t h e  veh ic l e .  

The expected c r a t e r  d i s t r i b u t i o n  i n d i c a t e d  t h a t  craters  having 
diameters  less than one-half meter would populate  t h e  t e r r a i n  
to  such a degree t h a t  c l e a r  paths  would n o t  be p r e s e n t .  
second c r i t e r i o n  w a s ,  t h e r e f o r e ,  adcpted as a minimum t h r e s h o l d  
f o r  v e h i c l e  avoidance and c r a t e r s  i n  excess  of one-half meter 
i n  diameter  w e r e  considered fo r  t h e  s tudy .  It  was n o t  presumed 
t h a t  such craters would be v i s i b l e  a t  a l l  t i m e s ,  n o r  t h a t  they  
would be excess ive ly  d i s t u r b i n g  t o  t h e  v e h i c l e .  
b locks ,  a minimum diameter  o f  one-eighth meter was chosen a s  
p o t e n t i a l l y  d i s t u r b i n g  t o  t h e  v e h i c l e .  
a v a i l a b l e  among b locks  of t h i s  s i z e  wi th  t h e  assumed d i s t r i b u -  
t i o n .  

The 

For i n t e r c r a t e r  

C l e a r  pa ths  a r e  r e a d i l y  

Chart ing 

A c h a r t  was prepared f o r  t h e  o b s t a c l e  avoidance 
s tudy  us ing  t h e  d i s t r i b u t i o n  formulae and o b s t a c l e  s i z e  
l i m i t s  shown above. C r a t e r s  and b locks  were app l i ed  t o  
an a r e a  which represented  2 0 , 0 0 0  square meters of l u n a r  
s u r f a c e ,  us ing  a set of random numbers t o  supply coord ina te  
l o c a t i o n s .  A series of  d i s c r e t e  s i z e s  were chosen f o r  t h e  
craters and b locks ,  each s i z e  r e p r e s e n t i n g  t h e  pnpula t ion  
d e n s i t y  over  a 2 : l  d iameter  range. 

Appl ica t ion  

The c h a r t  w a s  used as a p h y s i c a l  model f o r  a s tudy  
of wander f a c t o r ,  maneuver requirements and speed of t h e  LRV 
dur ing  d r i v i n g  t r a v e r s e s  a t  the Apollo 15 s i t e .  The r e s u l t s  
of  t h a t  s tudy  w e r e  repor ted  i n  Reference 1. 
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